Introduction
============

Since the introduction of the partial coherent laser interferometry for optical biometry, the accuracy of the intraocular lens (IOL) power calculation improved considerably.[@b1-opth-8-2177]--[@b4-opth-8-2177] This goes along with a more accurate determination of the axial length, which was the most important reason for postoperative errors in the era of ultrasound biometry.[@b5-opth-8-2177],[@b6-opth-8-2177] Because of the lack of accuracy in this era, no relationship between the prediction error of the first and the fellow eye could be found.[@b7-opth-8-2177] Although the axial length measurement lost some of its relevance as a possible error source, recent studies identified a wrong prediction of the postoperative anterior chamber depth as the most important possible error source for incorrect IOL power prediction in optical biometry.[@b8-opth-8-2177],[@b9-opth-8-2177]

In fact, substituting the postoperatively measured anterior chamber depth (ACD) of the first eye in the calculation of the IOL power of the fellow eye has been shown to have a beneficial effect on the accuracy of the calculation.[@b10-opth-8-2177] Recently, some investigations have been performed examining the use of empirical corrections based on the prediction error of the first eye. When the IOL power was fully adjusted in the second eye by the amount of prediction error in the first eye, no improved prediction accuracy in the second eye could be detected.[@b11-opth-8-2177],[@b12-opth-8-2177]

However, retrospective studies have shown that correction factors of 50% derived from the prediction error of the first eye reveal a significant benefit for the accuracy of the second eye's prediction error.[@b10-opth-8-2177],[@b12-opth-8-2177],[@b13-opth-8-2177]

In this study, we retrospectively analyzed data on patients undergoing sequential cataract surgery on both eyes and compared the prediction error of one eye and its fellow eye to find out whether the hypothesis of an intraindividual factor, despite inaccurate biometric measurement, could be confirmed.

Methods
=======

In our retrospective trial, we included 670 eyes of 335 consecutive patients (mean age, 75 years; range, 38--96 years) who underwent bilateral, sequential cataract surgery in the outpatient clinic in Trier. Optical biometry was performed using partial coherent laser interferometry (Zeiss IOLMaster; Carl Zeiss meditec) as part of preoperative examinations. For IOL power calculation, the SRK/T and Haigis formulas were used in all patients.

All cataract extractions were performed by one surgeon (MW) and included phacoemulsification of the crystalline lens and implantation of a foldable acrylic one-piece IOL (Acrysof SA60AT; Alcon Laboratories) into the capsular bag. The time interval between first and fellow eye surgery was at least 2 months.

[Figure 1](#f1-opth-8-2177){ref-type="fig"} gives information about the distribution of the refractive power of the implanted IOLs. The IOL power ranged between −2 and 33 D, with a peak of 60 implanted IOLs with a refractive power of 22.5 D.

In most cases, a target refraction of −0.5 D was determined for the first eye. The target refraction of the fellow eyes, which underwent surgery within a period of 2 months, was adapted according to the patients' requirements. [Figure 2](#f2-opth-8-2177){ref-type="fig"} shows the difference between first and fellow eye for all patients.

Two months after surgery of the second eye, clinical data, including the most recent refractions, were collected from the referring ophthalmologists. For analysis, the spherical equivalent of the best subjective correction was taken into account. The postoperative spherical equivalent was compared with the predicted refraction in all eyes. Even though in some cases the Haigis formula was used for the calculation of IOL power, the analysis accounting for anatomical conditions was exclusively performed using SRK/T.

Results
=======

After IOL power calculation using the SRK/T formula, 622 of a total of 670 eyes (93%) showed a postoperative spherical equivalent, which differed 1.0 D or less from the predicted value. In 491 eyes (73%), the prediction error was within ±0.5 D; the error was more than 1.0 D in 48 cases (7%).

[Figure 2](#f2-opth-8-2177){ref-type="fig"} shows the predicted intraindividual difference in refractive outcome between first and fellow eyes in the study population of 335 subjects. In 88% of the participants, the estimated difference was within 0.5 D. To create monovision in 12% of the patients, a difference of 1.0 D or more was aimed according to patients' requirements. In fact, the postoperative difference between both eyes was within 0.5 D in 71% and within 1.0 D in 93% of the patients ([Figure 3](#f3-opth-8-2177){ref-type="fig"}).

Comparing the prediction error of both eyes, the deviation of the fellow eye was about half the value of the deviation of the first eye ([Table 1](#t1-opth-8-2177){ref-type="table"}). However, for eyes with a deviation of +0.5 D, the median of the deviation of the fellow eye was 0 D, whereas the median was −0.5 D in fellow eyes of eyes with a prediction error of −0.5 D. This was because all refraction values were rounded to 0.5 D steps. For this reason, [Figure 4](#f4-opth-8-2177){ref-type="fig"} shows the exact distribution of the prediction error values. For example, at a prediction error of +0.5 D for the first eye, the majority of deviation values for the fellow eye could be found at 0.0 and +0.5 D, whereas at −0.5 D, most of the values of the second eye were at −0.5 and 0.0 D, respectively ([Figure 4](#f4-opth-8-2177){ref-type="fig"}).

In addition, in all patients, the postoperative refraction error showed the same prefix in both eyes. For example, if one eye shows a myopic shift, the fellow eye never revealed a hyperopic deviation, and vice versa.

Discussion
==========

SRK/T, as well as the Haigis formula, is commonly used for IOL power calculation before cataract surgery.[@b14-opth-8-2177]--[@b16-opth-8-2177] Although both formulas have been confirmed to deliver satisfying results in regard to the postoperative refractive error in the majority of eyes, the Haigis formula seems to deliver better results in eyes with extreme myopia and hyperopia.[@b17-opth-8-2177]--[@b20-opth-8-2177] Even though we used both formulas for preoperative IOL power calculation, for our analysis of data of the IOL power calculation, the SRK/T formula was exclusively taken into account. This was determined by the aim of our study, which was not to evaluate the accuracy of the IOL power calculation by using a special formula but to analyze in which way the prediction error of the first eye is relevant for the postoperative refraction of the fellow eye.

The replacement of the crystalline lens with a thinner IOL reveals certain variability with regard to the exact postoperative position of the IOL within the capsular bag and the postoperative anterior chamber depth. This means that in addition to measurement errors, individual anatomical conditions could be made responsible for unexpected prediction errors. Obviously, such anatomic conditions might be relevant for both eyes.

The surgeon who realizes a certain prediction error for the first eye would appreciate a method for taking this information into account in the calculation for the fellow eye waiting for cataract extraction, especially if this error was 1 D or more. Olsen reported on favorable results when the measured postoperative ACD of the first eye was included as the estimated ACD into the IOL power calculation of the fellow eye.[@b10-opth-8-2177] In the same study, similar results were achieved when using different correction coefficients for commonly used formulas. In the case of using the SRK/T formula, for example, a refractive error of 1.0 D would call for 0.57 D for IOL power correction to obtain the target refraction of the second eye.[@b10-opth-8-2177] These results may explain why the adjustment in the second eye by the full prediction error of the first eye did not show any improvement of the fellow eye's prediction accuracy.[@b11-opth-8-2177] In contrast, the results go along with our investigations, in which the second eyes, on average, show half the amount of prediction error compared with the first eye when the SRK/T formula was used for IOL power calculation. Moreover, in recent studies, prediction error values were back-calculated to find out in which way a partial adjustment according to the first eye's error may improve the refractive outcome. Both authors found that the partial adjustment by 50% would deliver the best prediction accuracy in the second eye.[@b12-opth-8-2177],[@b13-opth-8-2177]

In conclusion, we agree with the authors that substitution of half of the prediction error of the first eye into the calculation of the second eye could be useful. However, this recommendation is based on retrospective calculations, which reveal certain problems. For example, as IOLs are manufactured in steps of 0.5 D, in cases of a prediction error that is not divisible by 0.5, the surgeon again is spoilt for choice. This could reduce the beneficial effect of partially adjusting for the first eye under prospective conditions.[@b12-opth-8-2177] Nevertheless, prospective studies should be initiated to demonstrate an improved accuracy for the second eye's IOL power calculation by a partial adjustment in the daily routine.
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###### 

Prediction error of one eye compared with its fellow eye (n=670)

  Prediction error, D   N     Prediction error (D), fellow eye (median)   Range (D)
  --------------------- ----- ------------------------------------------- --------------
  −2.0                  6     −1.0                                        −0.5 to −1.5
  −1.5                  30    −1.0                                        0 to −2.0
  −1.0                  98    −0.5                                        0 to −2.0
  −0.5                  200   −0.5                                        +1.5 to −2
  0                     208   0                                           +1.0 to −1.5
  +0.5                  83    0                                           +1.5 to −0.5
  +1.0                  33    +0.5                                        +2.0 to −0.5
  +1.5                  9     +1.0                                        +3.0 to −0.5
  +2.0                  2     +1.0                                        --

**Note:** The deviation of the fellow eye was about half the value of the deviation of the first eye.
